Concerns about pesticide exposure through food consumption have increased during the past several years. The main objective of our study was to determine whether we could use data from the Third National Health and Nutrition Examination Survey ( NHANES III ) to detect a relation between self -reported food consumption -particularly consumption of fruits, vegetables, and bread products -and urinary levels of pesticides or their metabolites in a population of 978 adults living in the US. A secondary objective was to investigate whether these urine levels differed for people who reported exposure to selected common household chemicals including bug or insect spray, weed killer, and mothballs or crystals. We used monthly food frequency data from the NHANES III, 1988 -1994 . Urinary pesticide / metabolite levels and information about chemical exposures were taken from the Priority Toxicant Reference Range Study ( a component of the NHANES III ). Six pesticides or their metabolites were detected in at least 50% of the sample, three of which -1 -naphthol ( 86.4% ), pentachlorophenol ( 62.5% ), and 3,5,6 -trichloro -2 -pyridinol ( 82.0% ) -were possibly related to food consumption. We were unable to detect a relation between self -reported food consumption and their urinary levels. This may be due more to the limitations of the datasets than to a lack of a relation between food consumption and urine pesticide / metabolite levels. We did find that people who reported recently using selected common chemicals had higher geometric mean urine pesticide / metabolite levels than did people who reported not recently using these chemicals.
Introduction
American farmers used 985 million pounds of pesticides in 1997 ( Gianessi and Marcelli, 2000 ) , and concern is growing about the public health impact of pesticide residues in food. Public and scientific interest in this issue fueled promulgation of the Food Quality Protection Act ( 1996 ) , which mandates that the US Environmental Protection Agency ( EPA ) regulate the levels of pesticide residues in food. However, for EPA to begin to assess the health risks associated with consumption of pesticides in food and make the appropriate regulatory decisions, data linking food consumption, household chemical exposures, and subsequent body burden of pesticides are needed. Although some limited research works investigating these relations have been conducted ( Macintosh et al., 1999 ( Macintosh et al., , 2001 , data that adequately address this issue are scarce. In this study, we analyzed urine pesticide data and food frequency data for a sample of approximately 1000 adults living in the US to investigate the relation between food consumption and urine pesticide /metabolite levels. We further investigated these urine pesticide levels for people who reported recent use and no recent use of certain common chemicals.
Methods

Study Population
The Third National Health and Nutrition Examination Survey ( NHANES III ), conducted during 1988 -1994 by the National Center for Health Statistics of the Centers for Disease Control and Prevention, sampled approximately 40,000 people who were representative of the US civilian noninstitutionalized population 2 months of age or older ( National Center for Health Statistics, 1994 ) . Participants completed household questionnaires that included questions about food frequency consumption during the past month. Participants also received medical examinations during which urine specimens were collected. The Priority Toxicant Reference Range Study (PTRRS) used the NHANES III to collect additional biological specimens for assessing baselines levels of exposure to common pesticides and volatile organic compounds, including some common household chemicals. A total of 1338 men and women aged 20-59 years volunteered to participate in these additional evaluations. This population was selected from a relatively broad spectrum of the US population reflecting different age groups, races /ethnicities, urban /rural residences, and regions of the country ( Needham et al., 1995 ) . The PTRRS participants were administered a supplemental questionnaire that asked about chemical exposure on the day of the questionnaire and on the two previous days. We focused on exposure to the following chemicals: bug or insect spray, weed killer, solid toilet bowl deodorants, air freshener or room deodorizer, moth balls or crystals, and pressure -treated lumber / wood products. No formal statistical sampling procedures were used to select participants for the PTRRS. Therefore, unlike estimates obtained from the NHANES III, estimates obtained from the PTRRS cannot be generalized to the US population. The data from the study do, however, provide a baseline of background or reference values for use in evaluating the extent of exposure among other study populations.
We excluded 360 of the 1338 adults sampled in the PTRRS from our analysis because they did not have a urine specimen collected for assessing exposure to pesticides or because the results were unacceptable due to analytical interferences and other reasons, leaving for our analysis 978 participants with pesticide data. The sample was 53.8% male and the mean age of all participants was 36.97 years. Approximately 50% of the participants was from the southern region of the US, with the remainder divided fairly evenly among the west, northeast, and midwest.
Analyte or Pesticide Residue Data
Urine samples were analyzed for biomarkers that indicate human exposure to a variety of commonly used pesticides, including insecticides such as the classes of organophosphates ( e.g., chlorpyrifos ) and carbamates ( e.g., carbaryl), herbicides (e.g., 2,4 -dichlorophenoxyacetic acid ), and the general biocide pentachlorophenol ( Gunderson, 1995) . Either the pesticide or its primary metabolite was measured. In some cases, the metabolite measured is selective for the pesticide; in other cases, it is not. For example, levels of 3,5,6 -trichloro -2 -pyridinol in the urine of the general population may result from exposure to either chlorpyrifos or chlorpyrifos -methyl; however, because chlorpyrifos is generally used in much higher amounts than chlorpyrifosmethyl, one can assume that the urinary levels of 3,5,6 -trichloro-2 -pyridinol arise primarily from chlorpyrifos. On the other hand, 1 -naphthol is a primary metabolite of both carbaryl ( insecticide ) and naphthalene (an insecticide used in moth balls and a common by -product of combustion ); therefore, determining the parent compound of 1 -naphthol is difficult. However, because 2 -naphthol is also a metabolite of naphthalene but not of carbaryl, the combined analysis of both 1 -naphthol and 2-naphthol helps to pinpoint the parent compound of 1-naphthol. If the analysis indicates that the parent compound is naphthalene, and not carbaryl, it still does not tell us the source of the naphthalene. Although we have indicated here that it is used in mothballs, it is also one of many compounds found in a mixture of polyaromatic hydrocarbons; therefore, we cannot distinguish with these analyses the source of the naphthalene.
We analyzed these data as both micrograms of analyte per liter and creatinine -corrected as micrograms of analyte per gram of creatinine in the urine. Participants with creatinine levels less than 30 mg /dL or greater than 300 mg / dL were eliminated from the analysis of creatinine -corrected values because urine samples with creatinine values below 30 mg / dL are generally considered too dilute to provide valid results, and samples with creatinine values above 300 mg / dL are often deemed too concentrated (Lauwerys and Hoet, 1993 ) .
Food Frequency Data
The food frequency section of the NHANES III was administered as part of the Household Adult Questionnaire. Few fruits or vegetables were listed individually on the NHANES III Food Frequency Questionnaire. For example, peaches were included in the same question as nectarines, apricots, guava, mango, and papaya. Respondents were asked how often over the past month they had eaten specified foods. Portion sizes were not defined.
For this analysis, we focused on fruits, vegetables, and bread products. We grouped several of the NHANES III food questions to create broader categories for our analysis. For example, the ''Fruits'' category included the following: citrus fruits including oranges, grapefruits, and tangerines; melons including cantaloupe, honeydew, and watermelon; peaches, nectarines, apricots, guava, mango, and papaya; and other fruits such as apples, bananas, pears, berries, cherries, grapes, plums, and strawberries (Table 1) .
Chemical Exposure Data
The Chemical Exposure Questionnaire of the PTRRS asked participants to report whether they had been exposed to various chemicals in the last 3 days. Our analysis concentrated on bug or insect spray, weed killer, solid toilet bowl deodorants, air freshener or room deodorizer, mothballs or crystals, or pressure -treated lumber /wood products.
Data Analysis
We looked at the distributions of the pesticide residue levels among the PTRRS participants and, for each pesticide, calculated the percentage of values above the limit of detection (LOD ). Values less than the limits of detection were assigned a value equal to their detection limit divided by the square root of two ( Hornung and Reed, 1990 ) . Urine pesticide residues at levels above the LOD for less than 50% of the study population were not considered further in the analysis. We reviewed data relating to pesticide residues in foods (Gunderson, 1995 ; US Department of Agriculture ) to determine which of the pesticides included in the PTRRS were possibly related to food consumption. On the basis of this information, we evaluated 1 -naphthol ( a metabolite of carbaryl, a broad -spectrum insecticide, and of naphthalene ) and 3,5,6 -trichloro -2 -pyridinol ( a metabolite of chlorpyrifos and chlorpyrifos-methyl, both insecticides ). In addition, we evaluated urinary levels of pentachlorophenol that primarily result from direct exposure to pentachlorophenol, which has been widely used as a wood preservative (although in the mid -1980s its use was restricted in the US by the EPA ) or as a metabolite of hexachlorobenzene, lindane, and pentachloronitrobenzene, a fungicide that has been found in rice ( Roy et al., 1997 ) .
Once we narrowed our list of pesticides to those that had urine pesticide /metabolite levels above the LOD in greater than 50% of the population and were possibly related to food consumption, we compared geometric mean urine pesticide /metabolite levels in subjects with the highest selfreported consumption of each food or food category vs. the lowest consumption. The lowest consumers were defined as those who reported zero consumption during the past month. If all participants reported at least some consumption of that food group, we used a cut -off at approximately the 10th percentile. The highest consumers were those who consumed approximately the 90th percentile of each food group. We hypothesized that if pesticide residue levels differed, this difference would most likely appear in a comparison of the lowest and highest consumer groups. We used mainframe SAS Version 6.09 for these analyses (SAS Institute, Cary, North Carolina ).
Our chemical exposure analysis compared the geometric mean urine pesticide /metabolite levels for those who reported an exposure to each chemical with those with no reported exposure. Exposure to each of these chemicals would be expected to result in an increase in urine pesticide / metabolite levels of one or more of the specific analytes.
Results
The following six analytes were detected in at least 50% of the sample: 2,4 -dichlorophenol ( 64.3% ), 2,5-dichlorophenol ( 98.3% ), 1-naphthol (86.4% ), 2 -naphthol ( 80.7% ), pentachlorophenol (62.5% ), and 3,5,6 -trichloro-2-pyridinol (82.0% ). Of these, only 1 -naphthol, pentachlorophenol, and 3,5,6 -trichloro -2 -pyridinol were possibly related to food consumption.
We did not detect any clear patterns in pesticide / metabolite levels when we compared participants who consumed the least and most amount of a particular food or food group ( Table 1 ) . In fact, for many of the food groups, the pesticide /metabolite levels were higher in the nonconsumers. Pesticide /metabolite levels of 3,5,6 -trichloro -2 -pyridinol were significantly higher for the highest consumers of fruits and vegetables compared to the lowest consumers (t-test P = 0.03 for both comparisons), but this 1 N = 1 -naphthol; TCPY= 3,5,6 -trichloro -2 -pyridinol; PCP= pentachlorophenol.
relationship did not achieve statistical significance when the uncorrected values were tested. We repeated these analyses using the original food questions from the NHANES III, and our conclusions were the same. The directions of the relationships were similar when uncorrected, rather than creatinine -corrected, data were used. When we compared urine pesticide /metabolite levels in participants who were reportedly exposed and unexposed to certain chemicals, we found that those reporting exposure generally had higher median pesticide /metabolite levels. This was true for both the creatinine-corrected and uncorrected data. The differences were most striking among the comparisons for 2,5-dichlorophenol, 1-naphthol, and 2 -naphthol (Table 2 ) . 2,5-Dichlorophenol is a metabolite of 1,4-dichlorobenzene, which is an active ingredient in solid toilet bowl deodorizers and in certain mothballs. 1 -Naphthol and 2 -naphthol are metabolites of naphthalene, which is also an active ingredient in certain mothball formulations and a by-product of combustion.
Discussion
Our main objective was to determine whether we could use the NHANES III datasets to detect a relation between food consumption (particularly consumption of fruits, vegetables, and bread products ) and urine pesticide / metabolite levels. We were unable to detect such a relation with the combination of food frequency data available in NHANES III and the PTRRS data.
This analysis had many limitations. First, the NHANES III food frequency data were combined in a manner that made determining the effect of consumption on urine pesticide /metabolite levels difficult. For example, apples were included in the same question as bananas, pears, berries, cherries, grapes, plums, and strawberries. Because these foods are grown under different conditions and different pesticides are applied, isolating the effect of eating a specific food on urine pesticide /metabolite levels is impossible. Second, the data from the household questionnaire and the examination were not collected simultaneously. Third, because our analysis did not account for season in which participants were questioned or sampled, we were unable to consider the seasonal variation of fruit and vegetable consumption in our analysis. Fourth, people are exposed to these pesticides via multiple media. For example, in addition to potential exposure to chlorpyrifos in foods, people may be exposed as a result of its use as a termiticide.
We recommend further research into the relation between food consumption and urine pesticide /metabolite levels. Specifically, we recommend: (i ) the use of individual food frequency diaries to monitor actual food consumption; (ii ) the development of biological monitoring methods for additional pesticides (the pesticide exposures that were assessed in PTRRS are from only a few of more than 200 frequently used pesticides; Needham et al., 1995 ) ; and ( iii ) * t -test P < 0.05. ** t -test P < 0.001. 1 N = 1 -naphthol; 2 N = 2 -naphthol; 4 NP= 4 -nitrophenol; 2 IPP= 2 -isopropoxyphenol; CFP= carbofuranphenol; 24 DCP= 2,4 -dichlorophenol; 25 DCP= 2,5 -dichlorophenol; TCPY= 3,5,6 -trichloro -2 -pyridinol; PCP= pentachlorophenol.
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consideration of duplicate diet studies that quantify pesticide residues on food as well as pesticide metabolites in urine over a 24-h period. We agree with other researchers ( Macintosh et al., 2001 ) that new field and laboratory investigations are required to address questions about shortterm and chronic dietary exposure to one or more pesticides and concurrent multimedia/multipesticide exposure.
